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lT4UCZT' f CTIV1TY RELATIONSHIPS AND IMAMOCHEMICAL
I. STUDIES ON COBROXIN

The oitjon of D~sulfide Bonds in Cobrotoxin

The amino acid sequence of cobrotoxin has recently been eta-
bl I xe ur -l ry.O However, in consideration that the
diaulfile bonds are the major bends which.malintain the protein in
its native configuration and that the integrity of the disulfide
bonds is important for the venom toxicity, it is tkerelete essential
that each pair of the half-cystinyl residues 4"deterined "to
assist in the elucidation of the two-dimensional structure of
cobr toxin.

Cobrotaoxin was digested with acid protease A and the resulting
five cystine peptides were separated by high-voltage paper electro-
phoresis. The identification of the disulfide bridges was made

by determining the amino acid composition of the corresponding
Cysteic acid paptides obtained after the oxidation of the single
cystine peptiees.-Thk, double cyatine peptide which contains the
-C -CyS-. linkage in sequece from the acid protease A digest was
further partially hydrolyzei with acid under conditions in which
the disulfide bonds were stable. :Five cystine peptides were
obtained from which the two remaining disulfide bridges were esta-
blishod. The specificity of the acid protease A, the selectivity
of acid hydrolysis, and the structure of cobrotoxin wo. discussed. "
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The Position of Disulfide Bond, in. Cobrotox.n

The amino acid sequence of cohrotoxin ban recently been *st-
blishad in our laboratory. However, in consideration that the
disulfide bonds are the major bovds which maintain the protein in
Its native configuration and that the integrity of the disulfide
bonds is important for the venom toxicity, it is therefore essential
that each pair of the half--ystinyl residues is determined, to
assist in the elucidation of the two-dimensional structure of
cobrotoxin.

The fragmentation of protein in the study of disulfido bridges
is usually carried out with pepsin under acidic pH. However,
ceobrotoxin is not attacked by pepsin and is ale not cleaved to*1o

single cystine peptides by either trypsin or chymotrypsin or the
combination of both. Consequeutlyt the fragmentation of the toxin
was carried out with acid protease A.

Cobrotoxin was digested with acid protense A in 5 % acetic
acid and the resulting S-containing peptides were neparated by
high-voltage paper electrophoresis. The identification of the
disulfide bridges was made by determining the amino acid composition
of the corresponding cysteic acid peptides obtained after the
oxidation of the single cystine peptides. Howeverg peptide All
gave the result indicating that it represents the sequence from
positions (42)-43 to 61-462) of cobrotoxin. Hence+it is a louble
cystine peptide which contains the -CyS-CyS- linkage in sequence
wan not cleaved by the acid protease A. Therefore, the pentide
was further subjected to partial acid hydrolysis at 37 for 10 days
with 10 N H S04 in 50 ,.cetic acid containing thioglycollic acid.
Five cystine peptides were obtained from which the two remaining
disulfide bridges were established.

The result of this study was summarized in Fig. 4,. which gave
the complete structure of cobrotaxin showing, the position of the
disulfide bonds and the sequence of the amino acid residues. The
region of the molecule from residues 25 to 40 contains most of the
basic and the functional residues in close crder and is completely
free of prolyl and cystinyl residues. This uncross-linked loop.$
projecting outward from the molecule because of its hydrophilic
character. It in the only region in the molecule where potentially
a considerable degree of ok-helical structure could be present and
may play an important role in toxicity.
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Tbe Po ition of Disulfide Bonds in Cobroto~dn

.1. Introduction

The aiwino acid sequence of cobrotoxin has recently been esta-
blished in our laboratory (1). However, in consideration that the
disulfide bonds are the major bonds which maintain the protein in
tz native configuration (2, 3). and that the integrity of the

disulfide bon a is Important for the venom toxicity (4), it is
therefore essential that each pair of the half-cystinyl residues
is determined* to assist In the elucidation of the two-dimensional
structure of cobroto=".

Considerable work has been done successfully with this problem
(5-6) and t.h diagonal electrophoretic technique of Brown mind
Xartley (7, 8) has been proved to be a very convenient method,
The axperiment to be described indicetes that the eeparation of

cystine and cynteic acid peptides from the digest oi cobrotozin
was achieved by this method and of Ryle et a:.. (5), and that the
partial fragmentation of cobroto.in was carried out 3-ccassfully
by using the combination of acid protease A and acid hydrolysis
under the condition used by Ryle eta, (5).

The identification of dijjlfido bonds was mada by determining
the amino acid composition of the corresponding cyateic acid
poptides. From the results of this investigation, the Zojr disul-
fide bon4s in cobrotozin have been established.

11. falerI± and Methods

Cobratain used in this study wait prepared from. Formosan cobra
(W, N R~. At) venom as previously described (9). Acid prot a se

A, PAP-2 1 wa the product of Seikegaku Kogyo Company, Japan.
Dewez 2-X 8 (acetate ferm, 200-40 mesh) was obtained from Bio-Rad
Company and thieglycollic acid was purchased from Sigma Chemical.
Company. All.,ther reagents were of analytical reagent grade.

1. Digestion of cobratoxin

Cobrotoxin was dissolved In 5 % acetic acid (pH 2.3) to make
a I % solution and acid protease A (10 1 1) was added. Digestion
was performed at 37o for 24 h and the digest was taken to dryness
under vaccum in a dasiccatar.

2. Isolation of cystine peptides

Cystlne peptides from acid protoase A digest were separsted



- -

by high-voltage paper electrophoresim at pH 5.4 v4.h pyridine
acetic acid-water (20 1 7 t 973, by vol.) (1) on a 30 x 74 cm shoat
of Vhatman N. 3 M parar. After drying, J cm strips were cut out
from b.- h aides of tho electrcphoretogram and developed with CN-
nitroprueside reagent (IO). The main neutral band was cut out and
stitched to a fresh sheet for the second electrohoretic purifi-
cation at pH 1.9. All cystine peptide bands were cut out , eluted
vith I 14 acetic acid and the oluates were subjected to oxidation
with perfermic acid.

3. Oxidation of Uotine.pe

The oxidation was carried out by adding a few drops of a
solution of performic acid freshly prepared by mnx.ing I vel. o2
33 % H2 02 with 9 vol. of formic acid. Oxidation wts allowed to
proceed for 30 min, a few dreor of water were then added and the
solutions yore taken to dryness, The residues were subjected to
paper olectrephoresis at pH 5.4 &-d the cysteic acid peptides were
developed with 0.2 % ninhydrin in acetone.

4. Amino acid analysis

The cysteic acid peptide bands cut out from the electrephore-
togram were eluted with constant boiling HCl (5.7 N'1) and hydrolyzed
at 1100 for 24 h in evacuated sealed tubes. The amino acids wese
determined on a Technicon amino acid autoanalyzer using a 03 x 75 j

cm column and 50 mm flow cell to increase the sensitivity to detect
amino acids in concentrations as le as 5 nanomoles.

5. Partial Acid hydrolysis of the double cyatine
.Peptide which contains the -CYS-CyS- li: -:

The peptids was partially hydrolyzed at 37* for 10 days with
1 0 N HZ0 4 in 50 % acetic acid (2 ml) containing thioglycallic acid
( .32 mg). The hydrolysat. w~e freed from H2 SO4 by passage
through a colum of Dewex 8 using 20 % acetic acid an an eluen,.
The eluate was evaporated to dryness and the residue was subjected
to electrepheresis for the identification cf cystine and cysteit
acid peptides as described above.

II. Results

1. Digestion of cobrotoxin by acid roteseA

The fragmentation of protein in the study of disulfido bridge.
is usually carried out witli pepsin under acidic pH. However,
cobrotoxin is not attacked by pepsin (11) and in also not cloa-eto
to single cystine peptides by either trypzin or chym'trypsin or the
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combination of both (1). Cousequently, the fragmentation of the
toxin was carried out with acid protease A.

Fig. 1 shows the distribution of. cyatine peptidez ofter
*lectrophoresis of the acid proteazo A digest of cobrotoxin at
pH 5.4 Five peptide bands were obtainod, of which the neutral
band All was refractionated by electrophoresis at pP 1.9. As
shown In Fig. 2, the band taas reso~ved into one major band A71a and
two minor bends AIb and AI1c. fill cystine peptides were oxidized
by performic acid and the reauiting cysteic acid poptides were
separated by electrophorosis at the sawo pH (Figr. I and 2). The
cysteic acid poptides sufficient enough to give results were aluted
for amino acid analysis. The amino acid composition and the most
possible sequence of the peptidas are presented in Table I.

Band AZ Fivo cysteic acid peptides were resulted from this
fraction az shown in Fig. I. A_ gave an initial yellow colcr in
ninhydrin reaction and had an amino acid compositiun of CySO 3H11
Asp1, Thr,1 G il, Gly 2 which could only represents the sequence of
Gly-Gly-Glu-Thr-Asp-CySOiN in cobrotoxin. Aspartic acid, not
asparagina, was present in this peptide as comparing the mob .lity
with Alb. The occurrence of aspartic acid in this peptide IndA-
cata that asparain originally present at the pozition hmd
partially converted to aspartic acid luring 24 h incubation at at
in 5 % acetic acid. Alb gave tha composition as indicated ir
Table I, zuggesting that it is a mixture of two peptides, one of
which is AZc since it ran partly overlapped with this paptide.
Upon deduction, the other peptide must be the sequence of Gly-Gly-
Glu-Thr-Asn-CySO3 H, which differs from Ala only in haviug one awide
group and therefore being less acidic. ATc was 4etermined t& be
the sequence of Leu-Glu-CySO H-His, since these fPour mIno acids
do not occur ttgether elsewhera in the molecule. Ald and Als were
still impure at this stage, and since these peptides had no cysteic

* acid, no attempt was ma6e to purify them. From the composition of
peptide Ala and Alcl it clearly Andicaio that the two cysteic acid
peptides arose from a single cyotine peptide of

Lou-Glu-CyS-His

Gly-.ly-fGl-Thr-Asn-CyS

Band AIX: It iS a neutrnl iseptOide at Pl1 5.4 and. can be
separated into one major band Ant -z.o minor bands at pH. J.9 (Fig. 2).
.On oxidation, the major. bnnc Alia resolved into a' least eight
cysteic acid poptiden. The major.cyatoic acid. peptidesm, AIXa and
AIIaZ ., were eluted for amino acid a.elysos without further purifi-
cation, AlIa, pave the rosult (Table 1) indicating that it
represents the sequence from the positicn (42-)40 to 61(-62) of
cobrotoxino Hence it is a double cyztine peptide of which the

, s',' l " I ' r ' 'i" 'P" ,T F' " li'T~l" I "m¥mp' F 3



-Cy3-CyS- linkage in sequence was not cleaved by acid protean* A.
AI1 2 was still a comple= mixture as indicated from its.ccompOsition
and may probably represent the same sequence with different enzymic
cleavages. In order to establish the containing two disulfda J
bridges, Alla was further subjected to partial acid hydrolysis as
described later.

Band AIIIs It was stained ouly weakly with CN-nitroprusside.
AIIIa gave the compo, ition of CySO3 "Is Aspo and Arg, on amino acid
analysis and probably contained two anpartyl residues as judging
from its mobility at p!1 5.4. Therefore, the sequence of the
peptide might be Arg-CySO 3 H-AMp-Asp. AIIlb and AIIIc were still
impure at this stage. They may also represent t13 sequence from
position 42 to 62 with a contamination of other cysteic acid
peptides from diffarcnt cystine poptidos. Since these bands only
represented a mixture of winor varieties of the sequence which

contained at least three disulfide bonds, it was not furtherdealt
J with.

Band AIM: Only two cynteic acid peptides appeared on performic
acid oxidation (Fig. 1). AIVa was stained initially yellow with
ninhydrin and had one net negative charge at pH 5.4. The compo-
sition was determined as given in Table I which represents the

sequence of Thr-Pro-Thr-Thr-Thr-Gly-CySOH-Ser, since these residues
only occur together in the sequence 1-, cobrotozin. AIVb was
neutral and had the composition .o be the sequence of Arg-Gly-
CySO3 H-(Gly). So it is clear that these two cysteic acid peptides
arose from a single cystine peptide of

Thr-Pro-Thr-Thr-Thr-Gly-CyS-Ser

Arg-Gly-Cyl (Gly)

Band AVs Four cysteic acid peptides arose from this band on
oxidation. AVa was identical with AIc. A~b and AVc had the same
composition and represent the same sequence. However, AVc had one
more lysyl residue than AVb, this may account for AVc which migrated
more toward the cathode than AVb. AVd had an unicnown spot (behind
aspartic acid) on electrophoretogram at pH 1.9, it is probably
suggestive of oxidized tryptophan. Thus, these cysteic acid
peptides must be arose from a Lingle cystine sequence by different
enzymic cleavage and the cyntino peptide i-iould be

Leu-Glu.-C,S-Eir

CyS-Tyr-Lyz-Lys-Arg- (Trp)

The presence of threco basic residues may account for this peptide
moving furthest tow:.ard cathode.

~., /
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2. Partola c~4 h ~yA ftodul yt

Partial acid hydrolysis was performed with Alla isolated from
40 ag ef cebrotoxin under the conditions described in Methods,
Fig. I-A shown the clactrophorotic separation of cyntino peptides
from acid hydrolysates of Aila. Band PI was considered too weak
to give any results after oxidation, so it was not further dealt
with. The remainder of the bands were oxidized with perforaic
acid and separated by electrophoresis at pH 5.4 (Fig. 3-B). From
their electrophoretic mobilities and composition, it is possible
to deduce the structure of these cystoic acid poptides and the
results are given in Table II.

Band PlIS Six cysteic acid poptides arose from this band.
PI, PFI 5 and P11 6 represented the same sequence at different

acid cleavage, in which aspartyl residue wa present rather than
asparaginyl as comparing the mobility with PlII. P,, 3 which
gave an initial yello ninhydrin color had only CySC3H and Gly,
indicating to be the sequence of Gly-CySO3H located at the posi-
tions 42 and 43. P112 and Pil were too weak to give results.
Thus, all of these cysteic acid peptides must arose from the sinOle
cystine peptide of

Gly-CyS

Glu-Ile-Asp-Cyl

Band Pill& It gae five cysteic acid peptides. PiZ was

probably a mixture of CySO3H-Asp and CySO3 H, mince bo;th Would
expect to move at the same distance, whereas Asp-CySO3H-CyS 3 H
moved faster as shown in PIVq. P1ll1 has a structure of Ile-Glu-
Ile-An-CySO H-CySO3H. An compared the mobility with PZV4
aspartyl residue would be present as an amide form.. PI1 3 was a
dipeptide of CySO H-Asn, as julging from its mobiiity, and was*
probably not Asn-CySO H from the pesitions 53 and 54, since the
amide group would expect to g4 off before cleavage of the Ile-An
linkage. Pill and Pill1 have the sequence of Glu-Ile-Asn-CySO, H
and Gly-Ile-Glu-Ile-Asn-CySO3 H, respectively. The former has the
same composition as PII, but with different mobility suggesting
the presence of asparagtnyl residue. Thus, these cysteic acid
peptides probably arose from two cystine peptides. One of which Is

CyS

Gly-Ile-Glu-Ibe-Asn-CyS



an the other is CylS

; Il*-Glu I1 o-Asn-CyS-Cy?

Band PIT: It gve. five cystoic acid pptides on perforate
acid oxidation. PIV39 PIV4 and PIV represeoatd the same sequoac
at different acid cleavage and the -gys-Cys- linkage still remained
intact.. PIV 2 was identical wi~h PI113. PIV1 wa probably a
mixture of two peptides Gly-CySO H-Pro and CYSOH-Asn-Asn, since
these residues should not occur ogether in the sequence.
Therefore, the cystine peptide would be

Gly-CyS-Pro

- Gly-Ile-Glu-le- sp-CyS-CyS

CyS-Asn-Azn

Band PVt Three -ysteic acid peptides arose from this band on
oxidation. P1 and PV2 were dipeptides of CySO H-Pro and Gly-
CySOH, respectively. -PV contained only CySOP. Therefore,
the cystine peptides would probably be

Gly-CyS CyS-Pro

and
CyS CyS

Band PYI This band yielded only crsteic acid after performic
acid oxidation. So the band could be the free cystine which
probably represents the residues at the positions 55 and 60, since
the cleavage of the linkages CyS-Thr, CyS-Asn and Arg-CyS would be
expected to be easier than those of -CyS-CyS- and Ile-Asn-CyS
linkages.

IV. Discussion

The specificity of acid protease A for cobrotoxin Was observed
in this study. . The enzyme was apparently to split the bonds that
are amino terminal to arginine for peptides AIIlIm AIVb,.Arft AYd
and non-cysteic acid peptide Arg-Gly-Tyr (not recorded). With
relatively high recoveries of peptides AIc, AMTa and AVa, it also
indicated to split the bonds that are carboxyl terminal to histi-
dine or glutamine or serine. An interesting result was obtained
with peptide AIa-b and AVb-d, in which the enzyme attacked either
side of the cystinyl residue. A similar result was also observed
with peptide AIVb, in which the enzyme attacked one side of the

6



cystinayl residue. at the positioas 41 and &3,

The selectivity of partial acid hydrolysis under the condition
used in this experiment was oba3e-vd with the double cystinc
poptide Alsa which contains the -CyS-CyS- linkage in sequence.
The largest peptide isolated from tbe hydrolysato ws poptide PIT
which strongly su ysots that extensive cleave e at the linages
of Pro- or (44-45?, Asn-Gly (48-49), CyS-Thr 55-56) and Arg-CyS
(59-G0) had occurred. The isolation of peptides PIZ and FIIZ in
higher amount indicated that cleavage of the -CyS-CyS- linkage In
sequence had occurred before the cleavage of linkages between 50
to 34 which is sterically hindered by two isoleucyl residues.
The absence of cystinyl-aspartic acid also indicated that aspar-
gins at the position 61 vas released before the cleavage of -CyS-
CyS- linkage. This would account for the fact that free cystine
(PVI) was present in appreciable amount and that no cystine
peptides were detected to confirm the position of the fourth
disulfide bridge.

Of total cystine poptides isolated from the hydrolyzate, about
60 % was obtained without the presence of -CyB-CyS- linkage in
sequence, and mest of the cystiny'. retidue at the position 43 was
still labeled with eithGr glycyl *i: prolyl residue. This would
enable us to establish the third disulfide bridgeg and the fourth
which ;t therefore be joined together.

The rcirult of this study was sumrized in Fig. 4, which gave
the complet ar rucuro of cobrotozin shoving the position of the
disulfij bndsa aid the sequenca of the amino acid residues t
is clear that the sequence from the position 25 to 40 is eosed
outwardly on the protein. This was anticipated as described in
the proceeding paper Wi)o An Interesting feature of the structure
is that it contains a wIng, in which the disulfide bond in posi-
tions 55 to E0 is included. This ring Is the sme mime am the
similar dioulfide ring found in oxtocin, vasopressin and insulin
(5) which suggests that it may have a possible structural or
biological significance.

It is also significant that cobrotexin, having only 62 amino
acid residues, contains four dioulfide bonds and that it. full
activity depends the integrity of these four disulfide bonds (4).
So that the conformation of cobrotoxin is very important to its
biological functions. Since coabroton. is richly comoped of the
hydrophilic amino acids, it must be relied on the disulfide bonds.
to maintain its notive conformation (21 3). This may account for
the fact that four disulfide bonds are present out of 62 residues$
and the fact that, in the presence of 8 M urea, its activity is
still fully retained (4).

7
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V. C~ncluo .hghn:ag

The position .of four disulfide bonds in cobreteain wa inves-

tigated. Cebrotezin was digsted with acid preteanse A and the
resulting. five cystine poptides were separated by-high-ltaoo
paper electropboreuis. The Identification of the dinulfide
bridges was made by determining the amine acid composition of the
corresponding cysteic acid peptides obtained after the oidation
of the single cystine peptides. The double cystine poptids which
contains the -CyS-CyS- linkage in sequence from the acid protease
A digest was further partially hydrolyzed with acid under condi-
tions in which the disulfide bonds were stable. Five cystine
peptides were obtained from which the two remaining disulfide
bridges were entablished. The specificity of the acid proteanse A
the selectivity of acid hydrolysis, and the atructure of cobretozLn
were discussed.

pI
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APPII A-1

Tablet Ij

Auino acid composition and the most possible sequence of c~oteic ac,
peptides from acid protease A digest of cobrOtoxin

Peptid.. Amino acid composition Probable s*ue~ce oi
tM peptides

Ala, CyBO3 H1 -0 ) Asp 1.0 1 Thr 0 9 1 Glu 0 .6  Gl 1 2  Gly-Qly-luThr-A"pa

Ab CyN 3 H 2 .3, Asp 0 .9, h 10 l *16712 LuGuCS -

Ale CYS% 3H1.1 , Glul.0 , Leo 0 8, H~1 Leu-Glu-CYSO 3 5-HIa

All& CYSOP 3 6, ADp3 9, Thr2 0 1 Ser1 2, Glul.1  ( 2) 4
Gly1 5  Val 7  Ilie~ Lyas1 0 , Arg1 0,

AIla 2 CySO 3H4.6, Asp 6 1 , Thr 2.1  cr 1.0 9 GIUS.0,

Gl71.0 1 Valo 7, Ilie 1.6 , Lyau1 0 , Arg 1 0

AIII& CyS0,I 1  AsM 1  Arg0.6  Arg-CySO ff-Asp-Asr-

AIXIb CySH 2 7  Asp. 0 , mi,, e 1 6 ru 1

Gly 3,0 Val o.1Ie17 Lys1 0' Arg2*0
AllIc CySO H2 4  Aspi.0 , Thr,0  Ser 1 5 I Glu1 7

Gly 2 .0  1100-71 Leu 1.0, Arg 0 ~g

AIVa CYSO, 1 ,, Thr 4.o Ser 1 .0 , Prol. 0 , Gy. Thr-Pre-Thr-Thr-Tbr-,

01y-CySO H-Sew

AIV~b CySO 3H1.0 1 Gly 1 5,, Arg0 9g Arg-Gly-CySO 3 H.(Gly)

A-Va CYSO 3H1.0 9 Glu 0 9 , Lco 0 8, Hial.0  Lou-Glu-CySO 3H-His

AVb CYSO H1.0 , Tyri.0, Lyol.0  CYSO H-Tyr-Lyt

AVc CYSO H160 , Tyr 1 60 , Lyo 2  CYSO H-Tyr-Lys-Lys

AV'4 CYSO 3H1 0 1 Tyr,.0 , Ly3 2 0 1 Arg1 0 ,1 CYSO 3H-Tyr Lys LynAI
oz. Trp oz. Trp
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Table~ 17

Amino ocid compoition and probably ",,,wnco of cysta.ic acid poptldea
obtained from acid hydrolyzates of the double cystine poptide All&

Poptidem Amino acid compositionPrbleouc.f the paptiams

Piz6  CYSO H 0 , Anp 1.0  Aop-CySO fi
6 3 3P!! 5  ySOH0, As 1 0 , 1ev. le-Aop-CySO~l

F1i~ CYSO H1 IAp 1  Gu 0  1o~ Glu-Ile-Asp-CYSO H

Piz CySO H 1 0  GlY 0 9  Gly-CySO H

pill~ "C7S 3 U2 4  Amp 0  CySO H + CyO ji-Amp

pill~ CYSO H 2 0, Asp 1 0o, 02u 7  1e0 Ile-Glu-Ile-Asn-Cy,15OH-CY50
4C 3ySO uO7'O0 3 3,

Pll3 CySO 3Hlo2 0' lo 6ACyO H- ,

pll, Cya0,H2 0  Asp;V Gn 7  0la,9 XGlu-l-A-Cyo~f- H
P aT CS 13 10 9 A 1 .0, G1U1 0 ,f 11y~ 3l-l-i-1-m-y~

Pll2  CyS03Hlv0, Asp1 0o CySOH.,-A2sn7.9

Pry CySO R 9A m-yoHCs

1IjkC3 ,H2 1  Asp 0,PoGl 1  IGl-O,-Aro *CyZ* H-'Asn-A
P 3  C5 3 .2CyIOSO 3H7 "12

Pra CYS0II 0 a G9yAs Gly-CySO u-leAm-CSHH~~~~~0 CyS3 l 1 0 Pro1 , CySOH-

PT2. CyO, 3yO
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APWDIX' B- I

Acid Protease A
Digest

AtX

AMY

AV-

+.2 10 0 10 20 40 ea

Fig. 1. Blectrophoretic separation of cyotine peptides
from acid proteave A digespt of cobrotoxin (pH 3*4 48 V/cnt
90 m) and of cysteic acid peptides Iron the cyatine
peptides (pH 5.4, 48 V/cm, 6o min).
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APDIX B-2

All

All& Alib AlIc

+0t 2b 0 4i0 50 60cm

a 3 4 56 7 8

10 t 0 %0 20 30 40 cm-

Fig. 2.. Blectrephore.si of the neutral bond All at p 1.9
and the separation of cysteic acid peptides from Alla
(PH 1.9, 56 V/cm, so min).



APPENDIX B-3.

(A)

Acid Hydrolysde of

All&

P P fI7V Py,

-+-20 02 0 s0 20 :30cm -

(B)

Reference.
1 2 33 ___ _

Pin

1 2 3 45

Py

- 0 10 20 30 40 em ±

Figo 3% Siactrophoretic sepatration of. (A) cystino-peptides
from sc~d.bydrolyvates.of.Alla (pH 5S,,4 l6 V/cm, 90 sin) and
of (B) the oxidatiot Products of the cyatino peptides

Referencest Is Reduzced GSHI 2, Glu; 3, Amp;' 4g CySO H
5, Oxidized GSH.
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The amino acid sequence of cobrotoxin has recently been established in our labora-
tory. However-, in ccnsideration that the disulfide bonds are the major bonds which
maintain the protein in its native configuration and that the integrity of the disul
fide bonds is important for the venom toxicity, it is therefore essential that each
pair of the half-cystinyl residues is determined, to assist in the elucidation of thi
two--dimensional structure of cobrotoxin.

The fragmentation of protein in the study of disulfide bridges is usually carried!
out with pepsin under acidic pH. However, cobrotoxin is not attacked by pepsin and!
is also not cleaved to single cystine peptides by either trypsin or chymotrypsin or:
the combination of both. Con~sequently, the fragmentation of the toxin w.s carried i
out with acid protease A.

Cobrotoxin was digested with acid protease A in 5 % acetic acid and the resulting,
S-containing peptides were separated by high-voltage paper electrophoresis. The
identification of the disuilfide bridges was made by determining the amino acid compd
sltion of the corresponding cysteic acid peptides obtained after the oxidation of tkh
single cystine peptides. However, pertide All gave the resultr indicating that it
represents the sequence from positions (42)-43 to 61.-(62) of cobrotoxin. Hence it
a double cystine peptide which contains the -CyS-CyS- linkage in sequence was not
(Con'd)
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cleaved by the acid protease A. Therefore, the peptide was further
subjected to partial acid hydrolysis at 37efor 10 days with 10 N
H2S9 4 in 50 % acetic acid containing thioglycollic acid. Five cystine
peptides were obtained from which the two remaining disulfide bridges
were established.

The result of this study was summarized in Fig. 4, which gave the
complete structure of cobrotoxLn showing the position of the disul-
fide bonds and the sequence of the amino acid residues. The region
of the molecule from residues 25 to 40 contairs most of the basic
and the functional residues in close order and is completely free of
prolyl and cystinyl residues. This uncross-linked loop, projecting
outward from the molecule because of its hydrophilic character. It
is the only region in the molecule where potentially, a considerable
degree of N-helical structure could -e present and may play an
important role in toxicity. (Author)
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